Cyclacillin, a new aminoalicyclic semisynthetic penicillin, was compared with amoxicillin for the therapy of acute bacterial maxillary sinusitis in 80 patients (ages, 12 to 70 years) in a prospective, double-blind, randomized clinical trial. Direct sinus aspirations for quantitative culture were done for all patients before and after 10 days of therapy. Both drugs were administered at a dosage of 500 mg orally three times daily. Among culture-positive patients, clinical cure was achieved in 23 of 26 patients and 25 of 27 patients treated with cyclacillin and amoxicillin, respectively, for an overall cure rate of 91%. Bacteriologic failure occurred in 9% (4 of 44 patients); 3 of the 4 failures were in the cyclacillin group. There was no correlation between clinical or bacteriologic cure and the results of sinus transillumination (clear, dark) at follow-up. Initial direct sinus aspirates were positive in 57 of 80 cases (70%): 25 (44%) of these were the result of Streptococcus pneumoniae and 23 (40%) were the result of Haemophilus influenzae. All of these isolates were susceptible (MIC, '0.5 ,ug/ml) to both study drugs; no ampicillin-resistant H. influenzae was recovered. On day 10 of therapy, mean concentrations of both drugs in serum were 2.5 to 2.7 ,ug/ml, but no antibiotic was detectable in 20 of 21 simultaneous sinus aspirates. Adverse effects (rash, diarrhea) were infrequent and similar in both groups. Cyclacillin appears equivalent to amoxicillin in the therapy of acute maxillary sinusitis.
Acute bacterial sinusitis complicates approximately 1 in every 200 common colds (3) . Because children and adults develop approximately eight and three common colds per year (3), respectively, acute sinusitis is commonly encountered in office practice. However, the symptoms and signs of this entity are nonspecific and do not correlate well with the presence of pathogenic microorganisms in the maxillary antra. Roentgenograms of the sinuses are helpful diagnostically and correlate with the results of sinus aspiration (4, 8) but are expensive to obtain.
Direct puncture with aspiration of the sinus cavities has been useful in defining the etiology of acute maxillary sinusitis (1, 2, 4, 5, 7-10, 14, 15) . At least 50% of aspirates from adults with acute maxillary sinusitis yield Streptococcus pneumoniae or Haemophilus influenzae, although other aerobic and anaerobic organisms are also encountered.
Antibiotic therapy of acute bacterial maxillary sinusitis should be directed against the major pathogens involved in this disorder, S. pneumoniae and H. influenzae. Ampicillin is often used for this purpose, with proven efficacy in studies with sinus aspirate cultures (1, 6, 8) if the duration of therapy exceeds 7 days. Amoxicillin has in vitro activity similar to that of ampicillin but produces peak concentrations in serum two-to threefold higher and is associated with a lower incidence of adverse effects, chiefly diarrhea and rash. Trimethoprim-sulfamethoxazole is also effective in the therapy of acute maxillary sinusitis (7) .
Cyclacillin is a new aminoalicyclic semisynthetic penicillin with an in vitro spectrum comparable to that of ampicillin (6, 13) . The drug is rapidly absorbed after oral administration and may produce fewer adverse effects than those noted with ampicillin. For example, diarrhea and loose stools occurred in 5% of cyclacillin-treated patients compared with 12.5% of patients receiving ampicillin in one large study of * Corresponding author.
2,581 patients (6) . Similarly, rash was nearly twice as common in the ampicillin group (3.1 compared with 1.7% of cyclacillin-treated patients). Both of these differences are highly statistically significant (6) . The purpose of this study was to compare the efficacy and safety of cyclacillin and amoxicillin in the therapy of acute maxillary sinusitis in a randomized double-blind clinical trial.
( (4, 5, 7, 8) .
All sinus aspirate specimens were quantitatively cultured after 10-fold dilutions in phosphate-buffered saline aerobically and anaerobically on chocolate and blood agar plates (Difco Laboratories, Detroit, Mich.). All specimens after .10 days of therapy by standard agar well diffusion techniques. A 0.9-ml sample of Bacillus subtilis spore suspension in 100 ml of antibiotic medium no. 1 (Difco) was used as the indicator. All standards were diluted in fresh human serum and phosphate-buffered saline for serum and sinus aspirate samples, respectively, on the day of use. Reproducibility was ±10%, and the lower limit of detectability was 0.3 F±g/ml for each bioassay procedure.
RESULTS
Only 5 of the initial 80 patients (3 in the amoxicillin group, 2 in the cyclacillin group) failed to return for follow-up; all others completed the protocol. In most cases, puncture of the sinus cavity and aspiration for culture of the contents was performed on two occasions. For culture-positive patients, clinical cure, designated as complete resolution of all the symptoms of the initial disease, was achieved in 23 of 26 patients and 25 of 27 patients treated with cyclacillin and amoxicillin, respectively. This difference is not statistically significant. Thus, 91% (48 of 53) of the culture-positive patients were clinically cured with the two regimens. In addition, clinical cure was achieved in all 18 patients in whom the initial sinus aspirate failed to reveal a conventional pathogen and had bacterial concentrations :.104 CFU/ml.
There was no correlation between a dark sinus by transillumination at follow-up after .10 days of therapy and clinical cure, as shown in Table 1 . As can be seen, no clinical failures were noted in 30 patients with a clear sinus by transillumination at follow-up. All five failures had a dark antrum at follow-up by this procedure. However, 18 patients whose symptoms had cleared still had a dark antrum at follow-up. The second sinus aspirate cultures of these 18 patients were negative. This likely reflects persistent mucosal thickening despite a clinical and bacteriologic response to therapy.
As stated above, all sinuses were punctured for quantitative culture at the start of the study. The results are shown in Table 2 ; 57 of the 80 aspirates were positive, for an overall positive bacteriologic result in 70% of the patients, in excellent agreement with results of previous studies of sinusitis using sinus puncture techniques (4, 5, 7-10, 14, 15) . It is possible that a viral etiology was responsible for some of these cases yielding no growth (7). Among culture-positive cases, the distribution of isolates was as follows: 44% were the result of S. pneumoniae, 40% were the result of H. influenzae, 7% grew Staphylococcus aureus in pure culture, and 7% were the result of anaerobes (Peptostreptococcus sp., Bacteroides melaninogenicus) or a mixed population of anaerobic and aerobic organisms (Streptococcus anginosus and H. influenzae, B. melaninogenicus and Branhamella catarrhalis, two Peptostreptococcus spp.) (all 2104 CFU). Thus, pneumococci and H. influenzae caused more than 80% of the culture-positive acute maxillary sinusitis in this study, in agreement with results published previously (7, 8, 15) . In addition, the MICs and MBCs of both cyclacillin and amoxicillin were all s0.5 ,ug/ml against all pneumococci and H. influenzae strains; there were no P-lactamase-positive (or ampicillin-resistant) isolates among the 23 H. influenzae strains recovered in this trial. Among 44 follow-up sinus aspirates (13 patients completed therapy and follow-up but refused a second sinus aspiration), there were four bacteriologic failures, for an overall incidence of 9%. Of the four bacteriologic failures, three occurred in the cyclacillin group (although two were judged as clinical cures), compared with only one in the amoxicillin group; this difference is not statistically significant.
Serum and sinus aspirate samples for the analysis of cyclacillin and amoxicdillin concentrations were obtained from 21 consecutive patients returning for follow-up on day 10 of therapy. The mean concentrations in serum 2 to 6 h after drug administration were comparable and were 2.7 and 2.5 ,ug/ml for patients treated with cyclacillin and amoxicillin, respectively. Despite these concentrations, only 1 of 21 simultaneous sinus aspirates contained detectable drug (0.9 ,ug/ml) by our bioassay method, with a lower limit of detectability of s0.3 ,ug/ml. Based on these preliminary criteria, bacteriologic and clinical cure correlated poorly with sinus aspirate antibiotic concentrations at follow-up, because most were undetectable.
Adverse effects were relatively infrequent in this study. A skin rash appeared in 5 of 80 patients treated; four of the rashes occurred in the amoxicillin group. All rashes were self-limited without mucosal membrane involvement. Nevertheless, this difference was not statistically significant. Diarrhea occurred in one patient in each group and required discontinuation of therapy. The cyclacillin-treated patient with diarrhea also developed a skin rash.
DISCUSSION
This study compared cyclacillin, a new aminoalicyclic penicillin, with amoxicillin for the therapy of acute bacterial maxillary sinusitis in 80 patients between 12 and 70 years of age. The study was prospective, double-blind, and randomized and included 80 consecutive patients seen in practice by an experienced otolaryngologist. Direct puncture of the maxillary antrum for sinus aspirates was performed before and after therapy for quantitative bacteriologic culture (and antibiotic concentration testing in some patients). On the basis of this study, cyclacillin appears equivalent to amoxicillin in the therapy of acute maxillary sinusitis in humans, as judged by (i) clinical and bacteriologic response or cure, (ii) drug concentrations in serum, and (iii) adverse reactions.
In this study, both amoxicillin and cyclacillin therapy demonstrated clinical and bacteriologic efficacy in 91% of patients with acute maxillary sinusitis at a dosage of 500 mg three times daily. These results are comparable to those achieved in previous studies (success rates, 90 to 100%) with the following drugs at the given dosages: ampicillin, 500 mg orally every 6 h; bacampicillin, 800 mg orally twice daily; trimethoprim-sulfamethoxazole, 80 and 200 mg in two tablets orally twice daily; and cefaclor, 500 mg orally every 6 h in adults (1, 4, 5, 7, 8, 11) . All regimens should be administered for at least 10 days to obtain optimal results.
In this study, there was no correlation between the result of sinus transillumination at follow-up and the clinical response of the patient (Table 1) . This may reflect persistent mucosal thickening despite a successful response to antimicrobial therapy. Persistent mucosal thickening was noted previously with sinus radiographs obtained days to weeks after the cure of acute maxillary sinusitis with antibiotics (7).
All sinuses were punctured and aspirated for quantitative bacterial culture at the start of the study; 57 of the 80 initial aspirates were positive (70%); some of the remaining cases may have been viral in origin, or the bacterial strains isolated in low titer (<102 CFU) may also have been responsible (7) . In agreement with results of previous studies using direct sinus aspirates (1, 4, 5, 7, 8, 15) , -80% of the cases were caused by S. pneumoniae or H. influenzae. All of these isolates were susceptible to cyclacillin and amoxicillin (MIC, -0.5 ,ug/ml), and no ,B-lactamase-positive H. influenzae strains were recovered. Because ampicillin-resistant strains of H. influenzae may cause sinusitis, alternative agents (i.e., Augmentin, a fixed combination of amoxicillin and clavulanic acid) may represent a better choice in these cases or in areas where P-lactamase-positive isolates predominate (12; E. R. Wald, B. J. S. Reilly, M. C. Casselbrant, and D. M. Chiponis, Postgrad. Med. J., in press). Augmentin is, however, more expensive and may produce more diarrhea than that encountered with amoxicillin alone.
For the last 21 patients treated in this study, serum and sinus aspirates were obtained for the simultaneous analysis of antibiotic concentrations. The concentrations in serum were low (2.5 to 2.7 ,ug/ml), reflecting the long interval (mean, 4.5 h) between drug ingestion and procurement of serum samples. In addition, compliance may have been poor in several patients because samples were obtained on day 10 when all had been clinically cured and asymptomatic for 3 to 5 days. Despite these concentrations in serum, only 1 
